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Effective Testosterone Suppression
for Prostate Cancer: Is There a
Best Castration Therapy?
Leonard G. Gomella, MD

Department of Urology, Kimmel Cancer Center, Thomas Jefferson University, Philadelphia, PA

Achieving and maintaining effective suppression of serum testosterone levels
in men treated with androgen ablation is one of the essential strategies in 
the management of prostate cancer. Historically, a serum testosterone below
50 ng/dL was considered to be the castrate level. Current data suggest that
the new target for either surgical or chemical castration is a serum testos-
terone level of lower than 20 ng/dL in an attempt to maximize therapeutic
outcomes. Testosterone breakthrough and the acute-on-chronic effects of 
administration of a luteinizing hormone-releasing hormone analogue may
cause testosterone levels to periodically rise, sometimes to noncastrate levels.
The goal of androgen ablation is to identify those agents that will most 
consistently achieve and maintain the lowest testosterone levels possible.
[Rev Urol. 2009;11(2):52-60]
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The cornerstone of understanding the basic biology of prostate cancer relies
upon the important discovery that prostate cancer is a hormonally respon-
sive tumor. The current use of androgen ablation therapy in prostate cancer

includes treatment based on serum prostate-specific antigen (PSA) only or local
recurrence; neoadjuvant or adjuvant treatment of high-risk disease, usually in
combination with radiation therapy; and treatment of patients with metastatic
disease regardless of symptoms. The American Society of Clinical Oncology (ASCO)

4. RIU0461_07-13.qxd  7/13/09  5:44 PM  Page 52



Effective Testosterone Suppression for Prostate Cancer

VOL. 11 NO. 2  2009    REVIEWS IN UROLOGY    53

2007 guidelines and National Com-
prehensive Cancer Network (NCCN)
2009 guidelines recommend either
luteinizing hormone-releasing hor-
mone (LHRH) agonists or bilateral or-
chiectomy as first-line therapy for
men with advanced prostate cancer.1,2

Medical or chemical castration is
almost exclusively performed by the
use of injectable LHRH analogues,
with a minor role for estrogen and
limited experience with LHRH antag-
onists. Surgical castration through
bilateral orchiectomy is infrequently
used today.

Intermittent hormonal therapy (IHT)
is being investigated as an alternative
to continuous hormonal therapy with
a potential for reduced morbidity and
a delay of the progression to hor-
mone-refractory disease.3 Although
intermittent therapy may rely upon
restoring a normal testosterone level,
it is believed that the testosterone level
should be as low as possible when the
patient is on treatment, thus generat-
ing the lowest serum PSA level possi-
ble and likely improving outcome.4

Although the data on IHT are promis-
ing, trials reported thus far are rela-
tively small and somewhat underpow-
ered, and it is likely that its use will
increase in the future as trials mature.

There is growing recognition that
many men may not achieve acceptable
levels of testosterone using androgen
ablation. This has led to a renewed
interest in the significance of the
testosterone level in the modern era of
prostate cancer management. Can we
define the best castration therapy for
prostate cancer? Is this the therapy
that provides the lowest and most con-
sistent levels of testosterone suppres-
sion? To quote Dr. Claude Schulman in
a recent editorial: “less is more.”5

Pathophysiology of 
Prostate Cancer
Normal prostate cells and malignant
prostate cancer cells at least initially

rely on androgen stimulation via an-
drogen receptors for growth and
proliferation. Androgen withdrawal
causes a retardation of prostate cell
growth, thought to be from pro-

grammed cell death and ischemic in-
jury from anoxia.6,7 Thus, manipula-
tion of the hormonal milieu plays a
role in the treatment of prostate can-
cer and often decreases morbidity and
increases survival.8-10

Testosterone is not the cause of
prostate cancer, but is considered es-
sential for the growth of these tumors.
There are many circulating andro-
genic compounds, including dihy-
drotestosterone (DHT) androstene-
dione, dehydroepiandrosterone (DHEA)
and dehydroepiandrosterone sulphate
(DHEA-S). Many of these compounds
are adrenal products that can be
converted to the metabolically active
DHT. However, over 90% of andro-
genic activity in the circulation is due
to testosterone. Within the prostate
cells, testosterone is converted into 
5-�-dihydrotestosterone (DHT), by
action of the enzyme 5-� reductase. As
an intracellular androgen, DHT is
approximately 10 times more power-
ful than testosterone. The production
of the primary circulating androgen,
testosterone, relies on the interplay of
the hypothalamic-pituitary axis and
the testes.11

In the normal adult male, androgen
homeostasis is achieved through the
pulsatile release of gonadotropin-
releasing hormone (GnRH), also referred
to as leuteinizing hormone-releasing
hormone (LHRH), by the hypothala-
mus to the anterior pituitary gland
about every 90 to 120 minutes. This
interaction between GnRH and LH
receptors in the pituitary gland
promotes the release of LH into the

systemic blood circulation, which in
turn induces testosterone production
by binding to receptors on Leydig
cells in the testes. Negative feedback
of GnRH is exerted by testosterone

through androgen receptors on the
hypothalamus and pituitary glands.

Pharmacotherapy of 
Prostate Cancer
At present, the primary approaches
for the initial hormonal management
of prostate cancer to reduce circulat-
ing serum levels of testosterone are
estrogens, surgical orchiectomy,
LHRH hormone agonists, and LHRH
antagonists. Antiandrogens (steroidal
and nonsteroidal) are sometimes used
as initial treatment in some settings,
but do not directly reduce circulating
androgen levels.

Estrogen Therapy
Traditionally, estrogens such as di-
ethylstilbestrol (DES) have been used
to treat advanced prostate cancer. The
mechanism includes inhibition of the
release of LHRH from the hypothala-
mus with subsequent suppression of
LH and, thus, testicular production of
testosterone. There may also be a di-
rect cytotoxic effect on the prostate
cells themselves by estrogenic com-
pounds. Serum testosterone level de-
creases in 1 to 2 weeks. Although DES
is effective at reducing testicular pro-
duction of testosterone, there are con-
cerns over its safety (increased risk of
cardiovascular and thrombotic events).
Even with the recently reported bene-
fit of estrogens in such areas as
osteoporosis, it is not considered
mainline therapy at present.12 DES is
not manufactured in the United States,
but is available from prescription com-
pounding pharmacies.

Malignant prostate cancer cells at least initially rely on androgen stimula-
tion via androgen receptors for growth and proliferation.
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Bilateral Orchiectomy
Bilateral removal of the testes is tra-
ditionally the gold standard for an-
drogen ablation. The half-life of na-
tive testosterone is approximately 45
minutes. With bilateral orchiectomy,
the time to nadir of testosterone is
approximately 8.6 � 3.2 hours.13 In
patients with symptomatic metastasis,
significant improvement is seen in
symptoms within 24 to 48 hours.
Testosterone, on average, falls to 15
ng/dL (0.5 nmol/L).14 Orchiectomy is
rarely performed today for several
reasons. The procedure is irreversible,
making the potential use of IHT
impossible. It is also associated with
significant psychologic impact.15

Subcapsular orchiectomy, with main-
tenance of the tunica albuginea and
epididymidis, may provide psycho-
logic benefit to some men who must
undergo orchiectomy.

Antiandrogens
Although antiandrogens (androgen
receptor blockers), such as bicalu-
tamide, at a dose of up to 150 mg can
be clinically beneficial in advanced
prostate cancer, there are concerns
over their use as monotherapy. Serum
testosterone levels can increase due to
central nervous system inhibition of
testosterone signaling, although
prostate cancer cellular receptors ap-
pear to be blocked. Increased cardio-
vascular mortality, possibly due to
conduction abnormalities, has been
an issue.16 These antiandrogen agents
are not US Food and Drug Adminis-
tration (FDA)-approved for monother-
apy, although their role in the block-
ade of LHRH-induced flare is well
established.1 Most often, nonsteroidal
antiandrogens are administered for 2
weeks prior to beginning LHRH ana-
logue therapy to reduce any adverse
effects of hormonal surge. The 2
classes of antiandrogens are non-
steroidal (flutamide, nilutamide, and
bicalutamide), and steroidal (cytoper-

one acetate), with the latter not avail-
able in the United States.

The recognition that very low
levels of adrenal androgen produc-
tion may result in prostate cancer
progression despite testicular andro-
gen ablation led to the concept of
maximum androgen blockade (MAB).
In MAB, antiandrogens are adminis-
tered along with LHRH analogues
long term. It has been postulated
that the combined elimination of
testicular and adrenal androgens
may result in a survival advantage
for prostate cancer patients, but clin-
ical trials designed to examine this
hypothesis have led to contradictory
results.17,18

LHRH Agonists
LHRH agonists are decapeptides that
exert a nonpulsatile, constant stimu-
lation to the anterior pituitary gland,
which in turn decreases LH and
testosterone production. This class
was originally developed as a new
form of birth control.19 The binding
affinity of synthesized LHRH ana-
logues is significantly longer than
the native peptide, hence removing
the pulsatile signaling to the anterior
pituitary gland. The receptor binding
of native LHRH is about 6 minutes
versus 3.5 hours for leuprolide and
5.5 hours for triptorelin.20 Increased
binding affinity may be due to re-
duced susceptibility to enzymatic
degradation compared with natural
LHRH. Synthetic analogues, gener-
ated by only a single amino acid
substitution at position 6, are gener-
ally 100 times more potent than
natural LHRH. After treatment, LH
release is transiently increased up to
2 weeks after the initial dose, re-
ferred to as the flare or hormonal
surge. After this transient increase
in LH and, thus, testosterone levels,
the LH and follicle-stimulating hor-
mone (FSH) production is downreg-
ulated and testosterone production

is inhibited. The flare can be hazardous
in some patients, such as those with
increasing severity of bone pain from
metastasis or ureteral or bladder out-
let obstruction, or in whom neuro-
logic compromise is imminent from
metastatic disease of the spine. The
initial use of a nonsteroidal antian-
drogen such as bicalutamide can be
effective in blocking the clinical
flare.

LHRH analogues are found in a va-
riety of formulations, and, depending
on the medication, can be adminis-
tered every 1 to 12 months. The cur-
rently available medications in the
United States include different formu-
lations of leuprolide, goserelin, histre-
lin, and triptorelin in a variety of dos-
ing intervals ranging from monthly to
yearly (Table 1). Associated side ef-
fects include hot flashes, decreased
libido, erectile dysfunction, loss of
bone mineral density, anemia, and
mood changes.

LHRH Antagonists
Abarelix is an LHRH antagonist that
directly inhibits binding onto the LH
receptor in the anterior pituitary
gland. Unlike LHRH analogues, there
is no hormonal surge. This drug was
taken off the US market due to finan-
cial and safety concerns, but may still
be used in men who were treated be-
fore May 2005. It is available in sev-
eral countries outside of the United
States. This medication was limited by
a chance of anaphylaxis and the pos-
sibility of an increased QT interval.21

The latest LHRH antagonist is degare-
lix, widely available in Europe and re-
cently approved in the United States.
It does not appear to have the adverse
safety profile that was attributed to
abarelix. With the recent release in
the United States of a commercially
available LHRH antagonist, the cur-
rent role in the management of
prostate cancer remains to be clearly
defined.22

Effective Testosterone Suppression for Prostate Cancer continued
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LHRH Escape
The prescribing guidelines for all FDA-
approved LHRH agonists and antago-
nists recommend monitoring testos-
terone levels to ensure that castrate
level is maintained. It is not guaran-
teed that patients initiated on LHRH
therapy will maintain testosterone
suppression at all time points. Al-

though the overwhelming majority of
prostate cancer patients during treat-
ment with LHRH analogues achieve
serum testosterone values within the
castrate level, individual patients may
fail to reach this therapeutic goal.23

Testosterone escape is defined as a
single serum testosterone value rising
above 50 ng/dL at any point while

under treatment with LHRH analogue
therapy. Furthermore, it is recognized
that some men may experience surges
in testosterone during long-term treat-
ment upon readministration of the
agonist drug, described as the acute-
on-chronic effect.24 The mechanism is
similar to the initial flare reaction
with the first treatment (a transient

Table 1
LHRH Agonists and Antagonists for Primary Androgen Ablation for Prostate Cancer

Medication Class Administration Notes

Abarelix (Plenaxis) LHRH antagonist Intramuscular injection every Chance of anaphylaxis; no hormonal
2-4 weeks surge (no longer available in US for 

new patients)

Buserelin (Suprefact) LHRH agonist SQ 500 �g every 8 h � 7 days Not available in the US
then 200 �g daily;
Depot 2 month: 6.3-mg implant 
every 8 weeks
Depot 3 month: 9.45-mg implant 
every 12 weeks
Intranasal: 400 �g (200 �g into each
nostril) 3 times/day

Degarelix (Firmagon) LHRH antagonist 120 mg IM; 2 doses initially, No hormonal surge 
maintenance 80 mg IM every month Requires 2 injections first month

Goserelin (Zoladex LHRH agonist 3.6-mg implant SQ every month; Subcutaneous absorbable implant
3.6 mg and 10.8 mg) 10.8-mg implant SQ every 3 months

Histrelin implant (Vantas) LHRH agonist SQ implant; 50 mg every 12 months Remove implant device at reinsertion

Leuprolide (Lupron Depot, LHRH agonist 7.5 mg IM monthly (Depot) Intramuscular injection
Lupron Depot 3 month, 22.5 mg IM every 3 months;
Lupron Depot 4 month) 30 mg IM every 4 months

Leuprolide gel LHRH agonist 7.5 mg SQ monthly; Formulation requires refrigerated storage
(Eligard 7.5 mg, 22.5 mg SQ every 3 months;
Eligard 22.5 mg, 30 mg SQ every 4 months;
Eligard 30 mg, 45 mg SQ every 6 months
Eligard 45 mg)

Leuprolide implant LHRH agonist SQ implant every 12 months Remove implant device at reinsertion
(Viadur) (contains 65 mg leuprolide) Off market for new patients in 2008

Triptorelin (Trelstar Depot, LHRH agonist 3.75 mg IM monthly (Depot) Intramuscular injection
Trelstar LA) 11.25 mg IM every 3 months (LA)

IM, intramuscular; LHRH, luteinizing hormone-releasing hormone; SQ, subcutaneous.
Plenaxis®, Praecis Pharmaceuticals Inc., Cambridge, MA; Suprefact®, Sanofi-Aventis, Laval, Quebec, Canada; Firmagon®, Ferring Pharmaceuticals, Inc,
Parsippany, NJ; Zoladex®, AstraZeneca Pharmaceuticals LP, Wilmington, DE; Lupron®, TAP Pharmaceuticals Inc, Lake Forest, IL; Eligard®, Sanofi-Aven-
tis; Viadur™, Bayer HealthCare Pharmaceuticals Inc., Wayne, NJ; Trelstar®, Watson Pharma Inc., Morristown, NJ.
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stimulation of LH production by the
LHRH agonist). Testosterone surges
can also be seen at any time during
treatment, referred to as a break-
through response.

LHRH agonists are associated with
acute-on-chronic effect in 4% to 10%
of patients treated with standard
LHRH therapy.15,25 Up to 23% of men
on goserelin escaped from the castrate
level and overall breakthroughs are
reported in the literature in 2% to
13% of patients on LHRH agonists
overall.26-28 About 2% to 17% of pa-
tients fail to achieve a serum testos-
terone level lower than 50 ng/dL and
about 13% to 38% of patients fail to
achieve a serum testosterone level
lower than 20 ng/dL, as reviewed by
Tombal and Berges29 and based on re-
ports of leuprolide acetate depot for-
mulations and goserelin implants.

Other explanations are possible for
the occasional failure of an LHRH
analogue to achieve the desired effect
of serum testosterone. One recent
discovery is polymorphisms in LH
accounting for variable responses to
LHRH analogues in women that will
need to be confirmed in men.30 Fur-
thermore, obesity and an association
with higher prostate cancer mortality
has been noted. Despite lower pre-
treatment serum testosterone levels,
obese men have higher total and free
testosterone levels during leuprolide
treatment than men with a normal
body mass index (BMI). These differ-
ences may contribute to the associa-
tion between obesity and increased
prostate cancer mortality.31 Addi-
tional concerns have been raised
about dosing LHRH analogues in
obese men. The issue of BMI having
an effect on the depot preparation of
LHRH analogues has been reported
by several investigators who have
studied different doses of leuprolide
with respect to body weight.32 In a
review of the TAX 327 clinical trial of
Taxotere® (docetaxel; Sanofi-Aventis,

Bridgewater, NJ) versus mitoxantrone
for hormone-resistant prostate can-
cer, higher testosterone levels among
obese men suggested incomplete go-
nadal suppression with current an-
drogen ablation therapies.33 Tombal
and Berges25 noted that 1 patient
in their leuprolide gel study experi-
enced a testosterone breakthrough.
They noted that the patient was
markedly obese based on BMI.25

Dosing of LHRH analogues in the
obese man is deserving of increased
attention as obesity is a documented
adverse risk factor for prostate cancer
outcomes.

Optimum Testosterone Level in
the Treatment of Prostate Cancer
Normal serum testosterone ranges
(which may vary slightly by labora-
tory) are 300 to 1000 ng/dL (10.4-34.7
nmol/L) for men aged 17 years and
older. Due to intra-assay variability, a
deviation of about 7% should be ac-
counted for when interpreting testos-
terone values. A total serum testos-
terone level (free � protein bound) of
lower than 200 ng/dL (6.9 nmol/L)
(American Association of Clinical
Endocrinologists) or lower than 300
ng/dL (10 nmol/L) (FDA) is associated
with hypogonadism and warrants

further workup in an otherwise nor-
mal adult.34 Free testosterone (adult
male range, 8.8-27 pg/mL) is some-
times used in the evaluation of hy-
pogonadism as elevated or decreased
sex hormone–binding globulin (SHBG)
changes the bioavailability of the free
form (metabolically active) of testos-
terone. As an example, obesity is
characterized by a reduced total

testosterone with normal free testos-
terone due to reduced protein bind-
ing. Serum SHBG concentrations in-
crease with age. With increasing age,
less of the total testosterone is free or
biologically active, as SHBG binds
testosterone with high affinity.35

There is clearly no defined answer
to the optimum level of testosterone
that should be achieved in the treat-
ment of prostate cancer. Traditional
definitions are based on the so-called
castrate levels of testosterone. How-
ever, what the castrate level actually
is depends on the therapeutic inter-
vention: less than 20 ng/dL (0.69
nmol/L) has been routinely reported
for surgical orchiectomy and less
than 50 ng/dL (1.735 nmol/L) has
been reported with LHRH therapy.

An expert consensus meeting was
held in 2005 in San Antonio, Texas,
and a similar session took place dur-
ing the Sixth International Consulta-
tion on New Developments in
Prostate Cancer and Prostate Diseases
in Paris, France, in June 2005, to dis-
cuss definitions regarding optimal
testosterone control in prostate can-
cer.36 The experts agreed that the term
castration is misleading in the case of
LHRH agonists, as it means surgical
removal of the testes by bilateral or-

chiectomy. They noted that bilateral
orchiectomy should be used as a
benchmark for introducing the appro-
priate testosterone level that needs to
be achieved with LHRH agonists. As
most patients will achieve and main-
tain a serum testosterone level of
lower than 20 ng/dL after bilateral
orchiectomy, the experts agreed that
this level should be used for defining

Effective Testosterone Suppression for Prostate Cancer continued
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As most patients will achieve and maintain a serum testosterone level of
lower than 20 ng/dL after bilateral orchiectomy, the experts agreed that this
level should be used for defining chemical castration. Further, it was agreed
that a serum testosterone level over 50 ng/dL during LHRH analogue ther-
apy is clinically relevant and could have implications on treatment outcome.
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chemical castration. Furthermore, it
was agreed that a serum testosterone
level over 50 ng/dL during LHRH
analogue therapy is clinically relevant
and could have implications on treat-
ment outcome.

Another group who convened a
similar roundtable of experts con-
cluded that “assessment of patients
receiving LHRH agonists should be
based on PSA levels rather than
serum testosterone levels, although
levels of serum testosterone similar to
those obtained after orchiectomy still
need to be achieved.”37

Several other authors have sug-
gested that the castrate testosterone
level needs to be redefined based on
modern testosterone assay tech-
niques.14,36,38,39 Based on the most
contemporary literature, the current
castrate level is defined as lower than
50 ng/dL. The older assay technique
for the determination of serum testos-
terone was known as the double iso-
tope derivative dilution method. This
traditional assay was prone to error
with lower testosterone levels. Cur-
rent techniques use the chemolumi-
nescent assay that is reported to be
more robust at lower testosterone lev-
els.40 Using chemiluminescent tech-
niques, testosterone values of 16
ng/dL (0.55 nmol/L) and 15 ng/dL (0.5

nmol/L) were reported after bilateral
orchiectomy.14,41 A general consensus
now exists that testosterone levels
achieved and maintained with LHRH
agonist therapy should be equivalent
to surgical castration.25,36

Currently unknown is the absolute
minimal level of testosterone neces-
sary to effectively prevent prostate
cancer growth and progression. The
issue of optimum testosterone levels
and androgen suppression escape has

been recently evaluated by Morote.39

He and his colleagues performed a
study of 73 men with nonmetastatic
prostate cancer with serial PSA and
testosterone measurements treated
with LHRH androgen suppression.
They were stratified into tertiles (testos-
terone � 20, 20-50, and � 50 ng/dL).
The best outcomes in preventing an-
drogen-independent prostate cancer
progression occurred at a breakpoint
of 32 ng/dL. Breakthrough increases
greater than this threshold predicted a
lower survival free of androgen-inde-
pendent progression. There was a
137-month versus an 88-month dif-
ference in progression to androgen-
independent prostate cancer favoring
the lower mean testosterone level.
Men who maintained a serum PSA
level of lower than 20 ng/dL had a
mean PSA progression-free survival
of 106 months versus 90 months for
those with levels between 20 and 
50 ng/mL and only 72 months if the
mean serum PSA level was higher
than 50 ng/mL. This study also
suggested that maximal androgen
blockade might benefit medically cas-
trated cases of prostate cancer with
breakthrough testosterone increases
of higher than 50 ng/dL.

A similar concept has been reported
by Perachino and associates.42 In a

series of 162 men with metastatic
prostate cancer, a multivariate ap-
proach defined the best prognostic
model for survival based on 6-month
testosterone levels of men treated
with goserelin. Using the lower than
50 ng/dL medical castration thresh-
old, 119 patients (73.5%) were consid-
ered responders after 6 months of
goserelin therapy; using a threshold
of lower than 20 ng/dL testosterone,
only 46 patients (28.4%) were respon-

ders after 6 months. In considering
multiple factors, serum testosterone
level at 6 months correlates with pa-
tient survival; death risk is directly
correlated not only to goserelin (P �
.01) and to a basal PSA (P � .01), but
also to a 6-month serum testosterone
level (P 	 .0286). The lower the
testosterone level after 6 months, the
longer the survival.

Other Evidence to Support
Lower Testosterone Levels and
Improved Outcomes
The historic investigations known as
the Veterans Administration Cooper-
ative Urological Research Group
(VACURG) studies formed a basis for
the treatment of prostate cancer with
DES before the availability of LHRH
analogues. Due to higher death rates
in the 5-mg DES treatment arm in
VACURG I, lower DES doses were
studied in VACURG II. Patients were
randomized to 3 different dose
ranges of DES (0.2 mg, 1 mg, or 5
mg) versus placebo.43 Men receiving
0.2 mg/day of DES had a signifi-
cantly shorter overall survival than
men receiving 5 mg/day. VACURG II
showed some survival benefit for
hormonal treatment when Kent and
associates44 reported that 0.2 mg/day
and 1 mg/day of DES failed to con-
sistently suppress testosterone to cas-
trate levels. These data suggest that
ineffective androgen suppression
may reduce survival in advanced
prostate cancer.

Several studies have demonstrated
that the addition of an antiandrogen
to orchiectomy did not improve over-
all survival, whereas the addition of
an antiandrogen to an LHRH ana-
logue did.45-47 Although specific
testosterone data are not available, it
does suggest that ineffective or in-
consistent testosterone suppression by
LHRH analogues (masked by the addi-
tion of a nonsteroidal antiandrogen)
might be an explanation.

Currently unknown is the absolute minimum level of testosterone necessary
to effectively prevent prostate cancer growth and progression.
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Newer LHRH Analogues and 
Androgen Suppression
In a study that compared the efficacy
of monthly administrations of the
LHRH agonists triptorelin and leupro-
lide in men with advanced prostate
cancer, researchers concluded that
the 2 formulations were equivalent.
However, further analysis of their
findings demonstrated that the mean
testosterone at 85 days was lower in
the triptorelin than in the leuprolide
acetate group, at 0.38 (0.1-13.8)
nmol/L and 0.16 (0.1-0.7) nmol/L,
respectively (based on SI metric
units).48 During a 24-h period at 85
days, none of the patients in the trip-
torelin group but 3 in the leuprolide
group had testosterone concentra-
tions above castrate levels. These
provocative data suggest that this
formulation of triptorelin may result
in lower mean testosterone levels
than leuprolide (Figure 1). Similar
observations of lower testosterone
suppression have been made con-
cerning the gel formulation of
leuprolide.25

Conclusions
Androgen ablation for prostate cancer
can be associated with significant
benefits in the appropriate patient.
However, it is recognized that
prostate cancer and all of its various
treatments, hormonal and nonhor-
monal, can be associated with poten-
tial adverse impacts on quality of
life.49 Along with the increasing
recognition of the adverse conse-
quences of androgen ablation ther-
apy, effective strategies to manage
these effects are being developed and
refined.50 The risks and benefits of the
type and duration of androgen abla-
tion in an individual patient must be
made carefully.

All LHRH analogue and antagonist
manufacturers recommend that
testosterone testing be conducted for
patients receiving therapy with these
agents. At a recent prostate cancer
consensus meeting, 26% of attendees
never measured serum testosterone
levels and only 50% did so in the event
of a PSA rise in their patients on LHRH
analogue therapy.36 Only 21% mea-

sured serum testosterone levels at
least once and only 3% always did.

As noted, a small but perhaps clin-
ically significant number of patients
fail to consistently suppress to castrate
levels with LHRH analogues. Switching
to another LHRH agent, as outlined in
Table 1, can be attempted if this is the
case. The addition of an antiandrogen
can also be considered with surgical
orchiectomy, a last option for failure to
respond to medical castration.

Limited information exists on the
absolute relationship between testos-
terone values and clinical outcomes.
Several recent studies have high-
lighted the possibility that lower
testosterone levels may be associated
with improved outcomes, including
increased time to the development of
androgen-independent disease and
overall survival. The studies by Mo-
rote and others strongly suggest that
patients experiencing a breakthrough
response during LHRH therapy have
a reduced biochemical survival rate
compared with those who did not ex-
perience testosterone breakthroughs.
Future studies of androgen ablation
should focus more intensely on
testosterone and other circulating an-
drogen levels as part of evaluating the
effectiveness of treatments. Measure-
ment of serum testosterone levels, in
addition to serum PSA testing, should
be strongly considered in clinical
practice for those men on LHRH ther-
apy, as well as those who have previ-
ously been on LHRH therapy for a
period of time, to determine if and
when their levels normalize.

Multiple expert panels and publica-
tions indicate that the new bench-
mark for serum testosterone levels for
patients on androgen suppression
should consistently be lower than
20 ng/dL, similar to that obtained
with bilateral orchiectomy. Current
and future pharmacologic agents used
for androgen ablation should target
these levels achieved by surgical

Effective Testosterone Suppression for Prostate Cancer continued
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Figure 1. Mean (SD) testosterone serum levels in men treated with triptorelin pamoate 3.75 mg (green dashed line)
or leuprolide acetate 7.5 mg (red solid line) for 253 days. The black dashed line shows the castrate level of 
1.735 nmol/L. Reproduced with permission from Heyns CF et al.48
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orchiectomy to optimize the prostate
cancer disease-specific outcomes.

Dr. Gomella is a consultant for Astra-
Zeneca and Watson Pharmaceuticals.
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